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Description 

FLEXIBLE ELECTRONIC CIRCUITS AND 

DISPLAYS 

Cross Reference to Related Applications 

[0001] This application is a continuation-in-part of copending 
Application Serial No. 09/836,884, filed April 17, 2001, 
and claiming benefit of Application Serial No. 60/197,731, 
filed April 18, 2000. This application also claims benefit 
of Application Serial No. 60/319,732, filed November 26, 
2002 and Application Serial No. 60/481,396, filed 
September 18, 2003. The entire contents of these three 
applications are herein incorporated by reference. The en- 
tire contents of all U.S. patents and applications men- 
tioned below are also herein incorporated by reference. 
Background of Invention 

[0002] This invention relates to flexible electronic circuits and 
displays. More specifically, this invention relates to such 
circuits and displays using electro-optic media. This in- 
vention also relates to production of electro-optic dis- 



plays on curved surfaces; these surfaces may be curved in 
one or both dimensions. This invention is especially but 
not exclusively concerned with electro-optic displays us- 
ing encapsulated electrophoretic media. 

[0003] The term "electro-optic" as applied to a material or a dis- 
play, is used herein in its conventional meaning in the 
imaging art to refer to a material having first and second 
display states differing in at least one optical property, the 
material being changed from its first to its second display 
state by application of an electric field to the material. Al- 
though the optical property is typically color perceptible 
to the human eye, it may be another optical property, 
such as optical transmission, reflectance, luminescence 
or, in the case of displays intended for machine reading, 
pseudo-color in the sense of a change in reflectance of 
electromagnetic wavelengths outside the visible range. 

[0004] The terms "bistable" and "bistability" are used herein in 
their conventional meaning in the art to refer to displays 
comprising display elements having first and second dis- 
play states differing in at least one optical property, and 
such that after any given element has been driven, by 
means of an addressing pulse of finite duration, to as- 
sume either its first or second display state, after the ad- 



dressing pulse has terminated, tliat state will persist for at 
least several times, for example at least four times, the 
minimum duration of the addressing pulse required to 
change the state of the display element. It is shown in 
published US Patent Application No. 2002/0180687 (see 
also the corresponding International Application Publica- 
tion No. WO 02/079869) that some particle-based elec- 
trophoretic displays capable of gray scale are stable not 
only in their extreme black and white states but also in 
their intermediate gray states, and the same is true of 
some other types of electro-optic displays. This type of 
display is properly called "multi-stable" rather than 
bistable, although for convenience the term "bistable" may 
be used herein to cover both bistable and multi-stable 
displays. 

[0005] Several types of electro-optic displays are known. One 

type of electro-optic display is a rotating bichromal mem- 
ber type as described, for example, in U.S. Patents Nos. 
5,808,783; 5,777,782; 5,760,761; 6,054,071 6,055,091; 
6,097,531; 6,128,124; 6,137,467; and 6,147,791 
(although this type of display is often referred to as a "ro- 
tating bichromal ball" display, the term "rotating bichro- 
mal member" is preferred as more accurate since in some 



of the patents mentioned above the rotating members are 
not spherical). Such a display uses a large number of 
small bodies (typically spherical or cylindrical) which have 
two or more sections with differing optical characteristics, 
and an internal dipole. These bodies are suspended within 
liquid-filled vacuoles within a matrix, the vacuoles being 
filled with liquid so that the bodies are free to rotate. The 
appearance of the display is changed to applying an elec- 
tric field thereto, thus rotating the bodies to various posi- 
tions and varying which of the sections of the bodies is 
seen through a viewing surface. 

[0006] Another type of electro-optic medium is an organic light 
emitting diode (OLED) medium is which light generation is 
effected by passing current through a plurality of diodes 
formed from an organic material. 

[0007] Another type of electro-optic medium uses an elec- 
trochromic medium, for example an electrochromic 
medium in the form of a nanochromic film comprising an 
electrode formed at least in part from a semi-conducting 
metal oxide and a plurality of dye molecules capable of 
reversible color change attached to the electrode; see, for 
example O'Regan, B., et al.. Nature 1991, 353, 737; and 
Wood, D., Information Display, 18(3), 24 (March 2002). See 



also Bach, U., et al., Adv. Mater., 2002, 14(11), 845. 
Nanochromic films of this type are also described, for ex- 
ample, in U.S. Patent No. 6,301,038, International Appli- 
cation Publication No. WO 01/27690, and in copending 
Application Serial No. 10/249,128, filed March 18, 2003. 

[0008] Another type of electro-optic display, which has been the 
subject of intense research and development for a number 
of years, is the particle-based electrophoretic display, in 
which a plurality of charged particles move through a sus- 
pending fluid under the influence of an electric field. Elec- 
trophoretic displays can have attributes of good bright- 
ness and contrast, wide viewing angles, state bistability, 
and low power consumption when compared with liquid 
crystal displays. Nevertheless, problems with the long- 
term image quality of these displays have prevented their 
widespread usage. For example, particles that make up 
electrophoretic displays tend to settle, resulting in inade- 
quate service-life for these displays. 

[0009] Numerous patents and applications assigned to or in the 
names of the Massachusetts Institute of Technology (MIT) 
and E Ink Corporation have recently been published de- 
scribing encapsulated electrophoretic media. Such encap- 
sulated media comprise numerous small capsules, each of 



which itself comprises an internal phase containing elec- 
trophoretically-mobile particles suspended in a liquid 
suspension medium, and a capsule wall surrounding the 
internal phase. Typically, the capsules are themselves held 
within a polymeric binder to form a coherent layer posi- 
tioned between two electrodes. Encapsulated media of 
this type are described, for example, in U.S. Patents Nos. 
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and 6,639,578; and U.S. Patent Applications Publication 
Nos. 2002/0019081; 2002/0021270; 2002/0053900; 



2002/0060321 
2002/0090980 
2002/0130832 
2002/0171910 
2002/0185378 



2002/0063661 
2002/0106847 
2002/0131147 
2002/0180687 
2003/0011560 



2002/0063677 
2002/0113770 
2002/0145792 
2002/0180688 
2003/0011867 



2003/0011868; 2003/0020844; 2003/0025855; 
2003/0034949; 2003/0038755; 2003/0053189; 
2003/0076573; 2003/0096113; 2003/0102858; 
2003/0132908; 2003/0137521; 2003/0137717; and 
2003/01151702; and International Applications Publica- 
tion Nos. WO 99/67678; WO 00/05704; WO 00/38000; 
WO 00/38001; WO 00/36560; WO 00/67110; WO 
00/67327; WO 01/07961; and WO 01/08241. 
[0010] Many of the aforementioned patents and applications rec- 
ognize that the walls surrounding the discrete microcap- 
sules in an encapsulated electrophoretic medium could be 
replaced by a continuous phase, thus producing a so- 
called polymer-dispersed electrophoretic display in which 
the electrophoretic medium comprises a plurality of dis- 
crete droplets of an electrophoretic fluid and a continuous 
phase of a polymeric material, and that the discrete 
droplets of electrophoretic fluid within such a polymer- 
dispersed electrophoretic display may be regarded as 
capsules or microcapsules even though no discrete cap- 
sule membrane is associated with each individual droplet; 
see for example, the aforementioned 2002/0131147. Ac- 
cordingly, for purposes of the present application, such 
polymer-dispersed electrophoretic media are regarded as 



sub-species of encapsulated electrophoretic media. 

[0011] An encapsulated electrophoretic display typically does not 
suffer from the clustering and settling failure mode of tra- 
ditional electrophoretic devices and provides further ad- 
vantages, such as the ability to print or coat the display on 
a wide variety of flexible and rigid substrates. (Use of the 
word "printing" is intended to include all forms of printing 
and coating, including, but without limitation: pre- 
metered coatings such as patch die coating, slot or extru- 
sion coating, slide or cascade coating, curtain coating; roll 
coating such as knife over roll coating, forward and re- 
verse roll coating; gravure coating; dip coating; spray 
coating; meniscus coating; spin coating; brush coating; air 
knife coating; silk screen printing processes; electrostatic 
printing processes; thermal printing processes; Inkjet 
printing processes; and other similar techniques.) Thus, 
the resulting display can be flexible. Further, because the 
display medium can be printed (using a variety of meth- 
ods), the display itself can be made inexpensively. 

[0012] A related type of electrophoretic display is a so-called "mi- 
crocell electrophoretic display". In a microcell elec- 
trophoretic display, the charged particles and the sus- 
pending fluid are not encapsulated within microcapsules 



but instead are retained witiiin a plurality of cavities 
formed within a carrier medium, typically a polymeric film. 
See, for example. International Applications Publication 
No. WO 02/01281, and published US Application No. 
2002/0075556, both assigned to Sipix Imaging, Inc. 

[0013] As already mentioned, one major advantage of many of 
the electro-optic media discussed above is their ability to 
be printed or coated on to a wide variety of flexible and 
rigid substrates. The aforementioned US 
US2002/0019081 describes flexible encapsulated elec- 
trophoretic displays formed by coating a stainless steel (or 
similar metal) foil with a polymeric layer, forming thin film 
transistors on the polymer and then coating the transis- 
tors with the encapsulated electrophoretic medium to 
form an active matrix display. Other publications relating 
to similar displays include: 

[0014] Chen, Y., et al., SID Intl. Symp. Digest Tech. Papers, San 
Jose 2001 (Society of Information Display, San Jose), p. 
157; 

[0015] Kazlas, P., et al., 22nd Intl. Display Research Conference 
Nice 2002 (Society of Information Display, San Jose); and 

[0016] Au, J., et al., 9th Intl. Display Workshops Hiroshima 2002 
(Society of Information Display, San Jose). 



[0017] jhe preferred flexible displays described in these publica- 
tions use a thin (75-250 |jm) continuous stainless steel 
foil as the substrate. Steel was chosen as the transistor 
substrate material because of its overall performance from 
initial transistor processing through final operating dis- 
play. High-quality, low-cost steel foils are available in 
high-volume, and the high-temperature and excellent di- 
mensional stability properties of steel allow formation of 
thin film transistors (TFT's) without any pre-processing 
(for example, bake-out or thin-film capping) using con- 
ventional TFT manufacturing technologies. Through front 
and back-end processing, steel foil substrates exhibit ex- 
cellent handling properties owing to the material's 
strength, flatness and conductivity (which avoids prob- 
lems due to electrostatic charge accumulation on the sub- 
strate during processing). 

[0018] However, stainless steel and similar metal foils do have 
the disadvantage that they are substantially denser than 
other potential substrate materials such as plastics. As a 
result, flexible displays using such metal substrates of the 
type described in the aforementioned publications will 
weigh more than displays formed on plastic substrates of 
the same thickness. 



[0019] In one aspect, the present invention seel<s to provide a 
backplane for use in an electro-optic display, this back- 
plane using a metal substrate but being lighter in weight 
than the metal-based substrates described above. 

[0020] In another aspect, the present invention relates to assem- 
bly of electro-optic displays, and especially encapsulated 
electrophoretic displays, on to surfaces which are curved 
in one or both dimensions. Such curved surfaces are 
found, for example, in watches, electric shavers, cellular 
telephones and various other consumer electronics prod- 
ucts. It has been found that, if one attempts to form an 
encapsulated electrophoretic display on a curved surface 
by coating a layer of electrophoretic medium on a flat sur- 
face (as most traditional printing and similar coating pro- 
cesses require) and then deforming the layer of elec- 
trophoretic medium to the desired curved configuration, 
substantial damage to the electrophoretic medium may 
occur, depending upon the exact curved configuration re- 
quired. Such damage may include creep, which results in 
non-uniform switching of the electrophoretic medium, 
and/or rupture of some capsules, with resultant poor 
electro-optic performance, including reduction in contrast 
ratio and operating lifetime. Similar problems may be ex- 



perienced with other types of electro-optic media. 
[0021] The present invention provides processes which permit 
the assembly of electro-optic displays on curved sub- 
strates while reducing or eliminating the aforementioned 

problems. 
Summary of Invention 

[0022] Accordingly, in one aspect this invention provides a back- 
plane for use in an electro-optic display, the backplane 
comprising a patterned metal foil having a plurality of 
apertures extending therethrough, coated on at least side 
with an insulating polymeric material and having a plural- 
ity of thin film electronic devices provided on the insulat- 
ing polymeric material. This aspect of the invention may 
hereinafter be called the "patterned metal foil backplane". 

[0023] In this backplane, the apertures may be arranged on a 
rectangular grid, and may occupy at least about 30 per 
cent, and preferably at least about 60 per cent, of the area 
of the patterned metal foil. Typically, the patterned metal 
foil is coated on both sides with an insulating polymeric 
material; it may be coated on both sides with the same in- 
sulating polymeric material, or may be coated on its two 
sides with different insulating polymeric materials. 

[0024] In some embodiments of the invention, each of the thin 



film electronic devices lies entirely within the area of one 
aperture in the metal foil. In other embodiments, each of 
the thin film electronic devices extends across a plurality 
of apertures in the metal foil. 

[0025] This invention extends to an electro-optic display com- 
prising a backplane of the present invention, especially 
such an electro-optic display comprising an encapsulated 
electrophoretic electro-optic medium. 

[0026] In another aspect, this invention provides a backplane for 
use in an electro-optic display, the backplane comprising 
a metal foil coated on at least one side with an insulating 
polymeric material and having a plurality of thin film elec- 
tronic devices provided on the insulating polymeric mate- 
rial, the backplane further comprising at least one con- 
ductive via extending through the polymeric material and 
electrically connecting at least one of the thin film elec- 
tronic devices to the metal foil. This aspect of the inven- 
tion may hereinafter be called the "conductive via back- 
plane". 

[0027] In the conductive via backplane, the metal foil serves as at 
least one of an antenna, an inductor loop, a power plane, 
a capacitor, a capacitor contact, a pixel electrode, and 
electromagnetic induction shielding. 



[0028] This invention extends to an electro-optic display com- 
prising a conductive via backplane of the present inven- 
tion. Such an electro-optic display may be in the form of a 
smart card having an electro-optic display thereon, the 
metal foil serving to communicate between the card and a 
card reading apparatus. 

[0029] In another aspect, this invention provides a process for 
driving a backplane comprising a conductive layer, an in- 
sulating layer and at least one transistor disposed on the 
opposed side of the insulating layer from the conductive 
layer, the process comprising varying the voltage applied 
to the gate of the transistor and thereby switching the 
transistor between on and off states, the process further 
comprising maintaining the conductive layer at a voltage 
different from ground and within the range of voltages 
applied to the source of the transistor during driving of 
the backplane. This aspect of the invention may here- 
inafter be called the "controlled voltage conductive layer". 

[0030] Typically, in this process, the voltage applied to the con- 
ductive layer satisfies the relation: 

[0031] (3*vmax + Vmin)/4 > Vc> (Vmax + 3*Vmin)/4 

[0032] where Vmax and Vmin are respectively the maximum and 
minimum voltages applied to the source during driving, 



and Vc is the voltage applied to the conductive layer. 
Preferably, the voltage satisfies the relation: 
[0033] (3*vmax) + 2*Vmin)/5 > Vc> (2*Vmax + 3*Vmin)/5 

[0034] and most desirably the voltage substantially satisfies the 

relation: 
[0035] Vc = (Vmax + Vmin)/2. 

[0036] In another aspect, this invention provides a process for 
forming a plurality of electronic components on a poly- 
meric material coating a metal substrate, the process 
comprising forming a plurality of discrete areas of poly- 
meric material on the metal substrate and thereafter 
forming the plurality of electronic components on the dis- 
crete areas of polymeric material. For reasons discussed 
below, this aspect of the invention may hereinafter be 
called the "mesa process". 

[0037] In this mesa process, a continuous layer of the polymeric 
material may be formed on the metal substrate and there- 
after this continuous layer may be divided to form the 
discrete areas of polymeric material. Desirably, at least 
some of the edges of the discrete areas of polymeric ma- 
terial are undercut; such undercutting of the edges of the 
discrete areas of polymeric material may be effected by an 



etching step. 

[0038] In another aspect, this invention provides an electro-optic 
display having a metal substrate, the display having a 
central portion comprising an electro-optic material and 
means for writing an image on the electro-optic material, 
and a peripheral portion extending around at least part of 
the periphery of the central portion, the peripheral portion 
having a plurality of apertures extending through the 
metal substrate, by means of which apertures the electro- 
optic display may be stitched to a flexible medium. This 
aspect of the invention may hereinafter be called the 
"stitchable display". 

[0039] In such a stitchable display, the peripheral portion of the 
display is desirably free from the electro-optic material. 
The peripheral portion of the display may extend com- 
pletely around the central portion so that the entire pe- 
riphery of the electro-optic display can be stitched into 
the fabric or other flexible material. 

[0040] In another aspect, this invention provides a process for 
forming an electro-optic display on a substrate curved in 
one dimension, the process comprising: 

[0041] providing a backplane having at least one pixel electrode, 
the backplane being curved in one dimension; 



[0042] applying to the backplane a laminate comprising a layer of 
electro-optic medium and a light-transmissive electri- 
cally-conductive layer, the laminate being applied so that 
the electro-optic medium lies between the backplane and 
the electrically-conductive layer; and 

[0043] bonding the laminate to the backplane under heat and/or 
pressure. 

[0044] This aspect of the invention may hereinafter be called the 
"first ID-curved process". In this process, the laminate 
may further comprise a layer of lamination adhesive over- 
lying the layer of electro-optic medium, and the layer of 
lamination adhesive is contacted with the backplane. 

[0045] In another aspect, this invention provides a process for 
forming an electro-optic display on a substrate curved in 
one dimension, the process comprising: 

[0046] providing a backplane having at least one pixel electrode, 
the backplane being curved in one dimension; 

[0047] providing a double release film comprising a layer of a 

solid electro-optic medium having first and second adhe- 
sive layers on opposed sides thereof, at least one of the 
adhesive layer being covered by a release sheet; 

[0048] exposing one of the first and second adhesive layers and 
laminating the double release sheet to the backplane; and 



[0049] exposing the other of the first and second adhesive layers 
and laminating the exposed adhesive layer to an electri- 
cally-conductive layer. 

[0050] This aspect of the invention may hereinafter be called the 
"second ID-curved process". 

[0051] Finally, this invention provides a process for forming an 
electro-optic display on a curved backplane having at 
least one pixel electrode, the process comprising: 

[0052] applying a coatable electro-optic medium on to the sur- 
face of the backplane to form a coherent layer of the elec- 
tro-optic medium thereon; 

[0053] applying a transparent electrically-conductive layer on to 
the surface of the electro-optic medium on the backplane 
to form a coherent layer of the electrically-conductive 
layer thereon; and 

[0054] applying a transparent encapsulant on to the surface of 
the electrically-conductive layer to form a coherent layer 
of the encapsulant thereon. 

[0055] This aspect of the invention may hereinafter be called the 

"2D-curved process". This process may further comprise 

applying an edge sealant around at least part of the edge 

of the display. 
Brief Description of Drawings 



[0056] Figure 1 is a scliematic cross-section througli a first pat- 
terned metal foil backplane of the present invention. 

[0057] Figure 2 is a schematic cross-section through a second 
patterned metal foil backplane of the present invention. 

[0058] Figures 3 and 4 are schematic top plane views of third and 
fourth patterned metal foil backplanes of the present in- 
vention. 

[0059] Figures 5A-5D are schematic cross-sections showing dif- 
ferent stages in the formation of a conductive via back- 
plane of the present invention. 

[0060] Figure 6 is a schematic cross-section through a one tran- 
sistor of a controlled voltage conductive layer backplane 
of the present invention. 

[0061] Figure 7 is a schematic cross-section through part of a 
backplane prepared by a mesa process of the present in- 
vention. 

[0062] Figures 8A and 8B are schematic cross-sections showing 
different stages in a second mesa process of the present 
invention, in which the edges of the mesas are undercut. 

[0063] Figure 9 is a schematic top plan view of a stitchable dis- 
play of the present invention. 

[0064] Figure 10 is a schematic cross-section through the stitch- 
able display shown in Figure 9. 



[0065] Figures 11 to 13 are schematic cross-sections showing 
different stages in a first ID-curved process of the 
present invention. 

[0066] Figure 14 is a schematic three quarter view of a 

2D-curved process of the present invention. 
Detailed Description 

[0067] As indicated above, the present invention has several dif- 
ferent aspects providing improvements in backplanes for 
electro-optic displays, and processes for the formation of 
such backplanes and displays. For ease of comprehension, 
the various different aspects of the invention will here- 
inafter be described separately, but it should be under- 
stood that a single backplane or display may make use of 
more than one aspect of the invention; for example, the 
ID-curved processes of the invention may be carried out 
using a patterned metal foil backplane of the invention. 

[0068] Patterned metal foil backplane 

[0069] As already mentioned, in one aspect this invention pro- 
vides a backplane for use in an electro-optic display, this 
backplane comprising a patterned metal foil coated on 
one or both sides with an insulating polymeric material 
and having a plurality of thin film electronic devices pro- 



vided on the insulating polymeric material. The resulting 
backplane is light in weight but substantially maintains 
the dimensional stability of a continuous metal foil. 
[0070] Figure 1 of the accompanying drawings is a schematic 
cross-section through a preferred patterned metal foil 
backplane (generally designated 100) of the present in- 
vention. This backplane 100 comprises a patterned metal 
foil 102, which is preferably patterned in the form of a 
rectangular or square grid, coated on both sides with a 
polymeric material 104, and having an electronic layer 
106, containing TFT's and/or other electronic compo- 
nents, on one exposed surface of the polymeric material 
104. The foil 102 is preferred comprised of a steel foil, 
desirably a stainless steel foil, while the polymeric mate- 
rial 104 is desirably a high temperature polyimide, for ex- 
ample HD Microsystems 5878G. The foil 102 can be pat- 
terned in a number of ways including cold rolling molten 
steel onto a patterned roller, stamping, laser patterning or 
photo-etching. Alternatively, patterned metal foils can be 
manufactured by fabricating thin metal fibers and weaving 
them into various patterns. Any wet coating or printing 
method may be used to apply the polymeric material 104 
to the patterned foil 102. Alternatively, the polymeric ma- 



terial, for example Upilex VT, can be laminated to the 
metal foil. The polymeric material can be polymerized by 
traditional thermal or UV-polymerization methods. In 
some applications, it may be sufficient to only coat one 
side of the metal foil with the polymeric material. 
[0071] Figure 2 of the accompanying drawings is a schematic 

cross-section through a second backplane (generally des- 
ignated 200) of the present invention in which two differ- 
ent materials are used to encapsulate the metal foil 102. A 
first material 204 is used between the foil 102 and the 
electronic layer 106, while a second material 208 is used 
on the opposed side of the foil 102. The materials 204 
and 208 can be selected from a wide variety of polymeric 
and inorganic materials. The use of two different materials 
204 and 208 in this manner allows the backplane to 
achieve overall properties which may be difficult, if not 
impossible, to achieve using only the single polymeric 
material shown in Figure 1. For example, the material 208 
could be chosen for excellent barrier properties to gases 
and moisture, while the material 204 could be chosen for 
optimal planarization properties. In this second embodi- 
ment, the foil 102 again provides critical dimensional sta- 
bility and mechanical strength. 



[0072] jhe patterning of the metal foil used in the backplane of 
the present invention can vary widely depending upon the 
type of display into which the backplane is to be incorpo- 
rated. Figures 3 and 4 of the accompanying drawings il- 
lustrate two differing arrangements of backplanes and 
patterned metal foils useful in the present invention. Fig- 
ure 3 illustrates a sheet 300 comprising multiple back- 
planes 302 arranged to that the electronic component 
area of each backplane 302 lies entirely within one cell of 
the metal foil grid; in the illustrated embodiment, the 
electronic component area lies within a single aperture in 
the grid. In this embodiment, the metal foil mesh effec- 
tively frames each individual backplane throughout the 
process used to form the electronic components, and as a 
result the dimensional instability of the polymeric material 
which supports the electronic components is restricted to 
the area within one aperture of the mesh. After the elec- 
tronic components have been formed (and optionally after 
the electro-optic medium has been coated over the com- 
ponents), the metal foil framing the individual backplanes 
could be removed, for example by shearing, to leave the 
electronic components supported only by the polymeric 
material. Alternatively, the multiple backplane sheet 300 



could be divided along the center lines of the metal foil 
grid, thus leaving each backplane with a metal frame; the 
presence of such a metal frame may be useful for mount- 
ing the final display in an electronic device in which it is to 
be used. 

[0073] In contrast, Figure 4 illustrates a sheet 400 comprising a 
single backplane 402 which is substantially larger in both 
dimensions than one cell of the metal foil grid so that the 
backplane 402 extends across several cells in each di- 
mension. In this embodiment, the dimensional stability of 
the backplane will be essentially the same as that of a 
comparable backplane formed on a continuous metal foil, 
but the backplane of Figure 4 will be of substantially lower 
weight. 

[0074] Which of the embodiments of Figures 3 and 4 is preferred 
in any specific application will vary with a number of fac- 
tors, including the size of the display and the amount of 
mechanical handling and/or abuse to which it will be sub- 
jected. For example, the aforementioned US 
2002/0090980 describes a cellular telephone having a 
small internal display of conventional dimensions and a 
larger flexible external display which can be moved be- 
tween a rolled-up stored position, in which it lies within 



the housing of the telephone, and an extended position in 
which it lies flat alongside the telephone, thus providing a 
larger screen useful for, inter alia, reading lengthy E-mail 
messages. In such a telephone, the internal screen, which 
is protected by the telephone housing and fixed in posi- 
tion, could use the embodiment of Figure 3, while the ex- 
ternal display, which is not so protected when in its ex- 
tended position, and is subject to repeated handling, 
could use the embodiment of Figure 4. 

[0075] The patterned metal foil backplane of the present inven- 
tion allows for substantial weight reduction in the back- 
plane of an electro-optic display while maintaining the di- 
mensional stability and structural integrity of such a back- 
plane based on a steel or other strong metal foil. The 
backplane of the present invention can be manufactured 
inexpensively, since steel can be rolled into a pattern and 
polymeric materials or inorganic slurries can be wet 
coated or laminated in a continuous fashion. The present 
invention also provides manufacturing flexibility and al- 
lows use of conventional materials. 

[0076] Conductive via backplane 

[0077] The benefits of using a metal foil as a substrate in the 
backplane of an electro-optic display are not, however, 



confined to mechanical support. In additional to providing 
mechanical support and dimensional stability during for- 
mation of electronic components, such a metal foil can be 
used as part of the electronic circuitry of the backplane. 
[0078] Accordingly, as already mentioned, this invention provides 
a conductive via backplane for use in an electro-optic dis- 
play, this backplane comprising a metal foil coated on one 
or both sides with an insulating polymeric material and 
having a plurality of thin film electronic devices provided 
on the insulating polymeric material, the backplane fur- 
ther comprising at least one conductive via extending 
through the polymeric material and electrically connecting 
at least one of the thin film electronic devices to the metal 
foil. In such a backplane, the metal foil may or may not be 
patterned beyond any apertures required for formation of 
the via(s). 

[0079] A preferred process forming a conductive via backplane of 
the present invention is illustrated in Figures 5A-5D of the 
accompanying drawings, which show schematic sections 
through the backplane at successive stages of the pro- 
cess. The process begins with a metal foil substrate 502, 
which may be formed from No. 304 stainless steel or 
beryllium copper. This foil 502 is coated on one surface 



with an insulating polymeric material 504, for example 
the aforementioned HD Microsystems 5878G, and the 
polymeric material is cured to form the structure shown in 
Figure 5A. (Alternatively, a polymeric material may be 
laminated to the foil 502.) Electronic components 506, 
such as transistors and diodes, are then fabricated on the 
exposed surface of the polymeric material 504 using con- 
ventional semiconductor fabrication techniques to form 
the structure shown in Figure 5B. Next, the foil 502 is 
patterned using, for example, photolithography or laser 
scribing to produce a patterned metal layer 502A, as 
shown in Figure 5C; in this step, the remaining portions of 
the foil 502 and/or the exposed areas of the polymeric 
material 504 may if desired be thinned to a desired thick- 
ness or weight. Also, at this point additional conductive, 
semiconductive or insulating materials can be deposited 
and patterned to create passive or active components on 
the exposed surface of the polymeric material 504, as in- 
dicated schematically at 508. 
[0080] The last step of the process is the formation of via aper- 
tures through the polymeric material 504 and the filling of 
these via apertures with conductive material to form vias 
510 interconnecting electronic components 506 and the 



patterned metal layer 502A, and optionally any additional 
components 508 to produce the structure shown in Figure 
5D. The via apertures may be, for example, etched, 
punched or laser-drilled through the polymeric material 
504 so as to expose areas of the previously hidden sur- 
faces of the electronic components 506. The via apertures 
may then be filled using a variety of materials and tech- 
niques including printing (for example, ink-jet, screen, or 
offset printing) application of conductive resins, shadow- 
mask evaporation or conventional photolithographic 
methods. Simple electrical connections can also be made 
along the edge of the substrate using thick film conduc- 
tors. 

[0081] During the last two steps of this process (i.e., the pattern- 
ing of the foil and the formation and filling of the via 
apertures), it may be necessary or desirable to protect or 
passivate the exposed electronic components 506 in order 
to prevent damage thereto. Those skilled in semiconduc- 
tor fabrication technology will be aware of conventional 
techniques for such protection and/or passivation, for ex- 
ample covering the electronic components 506 with a 
sacrificial protective or passivating layer, which can later 
be etched away without damage to the components them- 



selves. It may also be necessary or desirable to attach the 
structure shown in Figure 5B to a separate rigid carrier or 
substrate during these last two steps of the process, es- 
pecially if the patterned metal layer 502A, and/or the ex- 
posed areas of the polymeric material 504 are to be 
thinned. 

[0082] An alternative process for producing the structure shown 
in Figure 5D starts from a thick polymeric foil, for exam- 
ple a 25-50 Mm polyimide foil (with no attached metal 
layer). In the first step of this alternative process, elec- 
tronic components are fabricated on one surface of the 
polymeric foil. Metal conductors and any desired addi- 
tional electronic components are then formed on the op- 
posed surface of the foil, followed by the formation of via 
apertures by the techniques previously described, and fi- 
nally the via apertures are filled to form vias. Although 
this alternative process resembles certain prior art pro- 
cesses for the production of double-sided flexible circuit 
boards, it differs therefrom in that the electronic compo- 
nents are fabricated directly on the polymeric foil, as op- 
posed to being placed thereon in the case of a flexible 
circuit board. In this alternative process, the polymeric foil 
acts only as an insulator between the electronic compo- 



nents 506 and the circuitry on tlie opposed side of the 
polymeric foil; however, if desired, the polymeric foil 
could serve as the dielectric layer of a capacitor formed 
between two overlapping conducting layers on the top 
and bottom surfaces of the polymeric foil, as discussed in 
more detail below. 
[0083] jhe patterned metal layer 502A and associated circuitry 
may serve a wide variety of functions, for example anten- 
nae, inductor loops, power planes, capacitors, capacitor 
contacts, pixel electrodes, and electromagnetic induction 
shielding. 

[0084] The conductive via backplane of the present invention is 
especially, but not exclusively, intended for use in so- 
called "smart cards". In such a smart card, the electronic 
components on the front surface of the card 
(corresponding to the top surface in Figure 5D) can serve 
to drive an electro-optic display, while the patterned 
metal layer and associated circuitry on the reverse side of 
the card can serve as antenna loops, signal lines and other 
components for communicating between the card and a 
card reading/writing apparatus. 

[0085] The conductive via backplane of the present invention 
provides the advantages of improved electronic compo- 



nent integration and reduced cost by using tlie reverse 
side of a substrate, tlius providing more compact (thinner) 
packaging. Sucli improved integration is especially useful 
in smart and credit cards, and in electronic label applica- 
tions. 

[0086] Controlled voltage conductive layer 

[0087] As already indicated, a third aspect of the invention re- 
lates to controlling the voltage applied to a backplane 
containing a conductive layer, an insulating layer and at 
least one transistor disposed on the opposed side of the 
insulating layer from the conductive layer, the backplane 
further being provided with means for varying the voltage 
applied to the gate of the transistor and thereby switching 
the transistor between on (conductive) and off 
(non-conductive) states. According to this aspect of the 
present invention, the conductive layer is maintained at a 
voltage different from ground and within the range of 
voltages applied to the source of the transistor during 
scanning of the display. If the maximum and minimum 
voltages applied to the source during scanning are Vmax 
and Vmin respectively, and the voltage applied to the con- 
ductive layer is Vc, then desirably these voltages should 
satisfy the relation: 



[0088] (3*Vmax + Vmin)/4 > Vc> (Vmax + 3*Vmin)/4, 
[0089] most desirably should satisfy the relation: 
[0090] (3*vmax) + 2*Vmin)/5 > Vc> (2*Vmax + 3*Vmin)/5, 
[0091] and optimally should substantially satisfy the relation: 
[0092] vc = (Vmax + Vmin)/2. 

[0093] The major proportion of the power consumption of most 
electro-optic displays is accounted by a series of capaci- 
tative switching terms of the form: 

[0094] p = o.SCV^f 

[0095] where C is the relevant capacitance, V is the voltage dif- 
ference across the capacitative load and f is the driving 
frequency. Separate terms of this type occur for source 
line capacitance, gate line capacitance and pixel capaci- 
tance. However, typically the source line capacitance 
(column electrode capacitance, assuming the conventional 
allocation of gate lines to rows, source lines to columns 
and drain lines to pixel electrodes) dominates the power 
consumption of the display. As an example, for a SVGA 
(800 X 600) active matrix display scanned at a frame rate 
of 60Hz, the source line is modulated at 28.8 MHz, the 
gate line at 36 kHz, and the pixel at 60 Hz, or to put it 



another way, in such a display every time a new line of the 
display is to be written, only one row electrode has to 
switched from high to low and one from low to high, 
whereas all 800 column electrodes have to be switched 
between random values depending upon the value of each 
pixel in the image being written. 
[0096] Figure 6 of the accompanying drawings is a schematic 
cross-section through a section (generally designated 
600) of a backplane of the present invention, the section 
600 containing only a single transistor. The backplane 
comprises a metal foil 602 and a polymeric material insu- 
lating layer 604. The transistor, which is of the thin film 
type and is formed directly on the exposed surface of the 
polymeric material 604 comprises a gate electrode 606, a 
gate dielectric layer 608 formed of silicon nitride, an 
amorphous silicon semiconductor layer 610 and source 
and drain electrodes 612 and 614 respectively, layers of n 
amorphous silicon 612' and 614' being provided between 
the source and drain electrodes respectively and the 
semiconductor layer 610 in the conventional manner. The 
semiconductor layer 610 extends continuously between 
adjacent transistors as described in the aforementioned 
WO 00/67327. 



[0097] jhe transistor shown in Figure 6 is connected to row and 
column drivers in tlie conventional manner, with the 
source electrode 612 connected to a data signal on a col- 
umn electrode (not shown), the drain electrode 614 con- 
nected to a pixel electrode (also not shown) and the gate 
to a select signal on a row electrode (also not shown). In 
the final electro-optic display, the pixel electrode lies ad- 
jacent the layer of electro-optic medium, and a transpar- 
ent front electrode, which extends across all the pixels of 
the display, lies on the opposed side of the electro-optic 
medium and forms a viewing surface through which an 
observer views the display. 

[0098] The gate voltage is typically 5 V in the off state of the 

transistor and 30 V in the on state, while the source volt- 
age typically varies between 0 V and 20 V with the trans- 
parent common electrode set to approximately 10 V. 

[0099] From what has been said above, it will be apparent that 
one major factor affecting the power consumption of the 
display is the energy loss due to the capacitance between 
the source electrode 612 and the metal foil 602; if, as is 
commonly the case, the thickness of the polymeric mate- 
rial 604 is less than or of the same order as the widths of 
the row and column electrodes and/or the pixel elec- 



trodes, the power consumption caused by this capacitative 
loss can be substantial. Since, as already mentioned, this 
energy loss is proportional to the square of the difference 
in voltage between the source line voltage and the voltage 
of the metal foil 602, and since the source line voltages 
can reasonably be assumed to be randomly distributed 
within the operating range, if the metal foil is simply al- 
lowed to float at or near ground potential, the average 
difference in voltage will be substantial and so will be the 
energy loss. To minimize the energy loss, the metal foil 
602 should be maintained at or close to the middle of the 
range of source line voltages, which in this case is lOV. 
This may conveniently be done by tying the metal foil 602 
to the voltage of the common front electrode. 

[0100] If the metal foil 602 is made of a metal (for example, 

some stainless steel) which does not have high conductiv- 
ity, a thin layer of a more conductive metal, for example, 
aluminum may be formed on the foil 602 before the poly- 
meric material 604 is deposited thereon. The more con- 
ductive layer serves to improve the voltage uniformity 
across the metal foil during operation of the display. 

[0101] From the foregoing, it will be seen that the controlled 

voltage conductive layer of the present invention can sub- 



stantially reduce power consumption in active matrix 
electro-optic displays. In addition, the controlled voltage 
conductive layer of the invention may be useful in remov- 
ing or reducing noise and certain display artifacts which 
have been observed and which are believed (although the 
invention is in no way limited by this belief) to be related 
to voltages induced in metal foils used in backplanes 
when the voltage on the metal foil is allowed to float. 
[0102] Mesa process 

[0103] The mesa process of the present invention provides a 

method for reducing thin film strain and this film cracking 
during the formation of arrays of electronic components 
(especially, but not exclusively, backplanes for electro-op- 
tic displays) when such arrays are being formed on poly- 
mer-coated metal substrates. In modern fabs, display 
substrates can be as large as 1 meter square, and it is im- 
portant that thin film strain be minimized across this large 
area. 

[0104] As already indicated, in accordance with the mesa process 
of the present invention, instead of forming a continuous 
layer of polymeric material on the metal substrate, a plu- 
rality of discrete areas (hereinafter referred to as "mesas") 
of polymeric material are formed on the metal substrate, 



and a separate array of electronic components, preferably 
comprising a backplane for an electro-optic display, are 
formed on each of the discrete areas. In a preferred form 
of the mesa process, a continuous layer of polymeric ma- 
terial is formed over part of all of one surface of the metal 
substrate, and this continuous layer is divided to form the 
discrete mesas. 

[0105] Figure 7 below depicts a preferred mesa process of the 
present invention. The structure (generally designated 
700) shown in Figure 7 comprises a metal foil substrate 
702 of substantial area, typically 1 meter square. On this 
foil 702 are disposed two mesas 704 (Figure 7 is simpli- 
fied for ease of illustration; in practice more mesas would 
normally be present, and, to enable fabrication of the 
maximum numbers of products on each substrate, the 
gaps between the mesas would normally be substantially 
smaller than shown in Figure 7) on each of which is 
formed a backplane 706 for an electro-optic display. The 
structure 700 is formed by first coating the entire foil 702 
with a thick (6-8 \xir\) polyimide or other polymeric layer, 
patterning this polymeric layer to forms the discrete 
mesas 704 and then fabricating the backplanes 706 in the 
conventional manner. The patterning can be effected in a 



number of ways, including pliotolitliograpliy using wet or 
dry etcli tecliniques or laser patterning. 
[0106] The mesas 704 isolate the individual backplanes 706 from 
one another during fabrication of the backplanes, so that 
thin film strain becomes a function of the smaller mesa 
area rather than that of the entire substrate 702. The 
metal substrate 702 still ensures that dimensional stabil- 
ity is preserved. 

[0107] Those skilled in semiconductor fabrication technology will 
appreciate that many of the thin film deposition tech- 
niques used in such fabrication will, when applied to the 
structure of Figure 7, deposit films over the whole area of 
the substrate 702, including the areas between the dis- 
crete mesas 704. The presence of such films extending 
between adjacent mesas is undesirable since it tends to 
increase thin film strain on the components being formed 
on the mesas. To prevent such "bridging" of the non- 
mesa areas of the substrate by the deposited films, it is 
preferred to undercut the mesas by over-etching during 
at least one etching step of the process used, typically af- 
ter photoresist patterning, for fabrication of the back- 
planes 706. 

[0108] Figures 8A and 8B illustrate such an "over-etching" pro- 



cess. Figure 8A shows a structure 800 generally similar to 
that of Figure 7, but at an intermediate state of fabrication 
of the backplanes 706, in which a thin film 802 has been 
deposited on the substrate 702 carrying the mesas 704. 
As shown in Figure 8A, the thin film 802 extends not only 
across the tops of the mesas 704 but also between adja- 
cent mesas, thus bridging the mesas and increasing thin 
film strain (it will be appreciate that the thin film 802 will 
be present not only between the two mesas 704 but also 
on the other exposed portions of the substrate 702 adja- 
cent the edges thereof; however, this portion of thin film 
802 is omitted from Figures 8A and 8B for ease of com- 
prehension). Figure 8B shows the results of over-etching 
the structure of Figure 8A, thus undercutting the mesas 
704 and breaking the physical connections between the 
mesas and the intervening portion of thin film 802. It will 
be seen from Figure 8B that the over-etching breaks the 
contact between the mesas 704 and the intervening por- 
tion of thin film 802, thus mechanically isolating the 
mesas 704 from one another and avoiding excess thin 
film strain during later fabrication steps. 
[0109] A typical mesa process of the present invention would be 
as follows: 



[0110] (a) Clean metal foil substrate; 

[01^^] (b) Coat metal foil substrate with 6-8 \im of polyimide (for 

example, the aforementioned HD Microsystems 5878G); 
[0112] (c) Bake polyimide at 100 "C to drive off solvents; 

[0113] (d) Apply, pre-bake, pattern (to form desired mesa pat- 
tern), develop, and post-bake photoresist; 

[0114] (e) Wet-etch polyimide mesas with or without undercut- 
ting of the mesas; 

[0115] (f) Cure polyimide layer at BOO'C; and 

[0116] (g) Proceed with remaining steps of TFT fabrication pro- 
cess. 

[0117] As already indicated, the mesa process of the present in- 
vention reduces thin film strain for large substrates by 
making the circuit strain a function of the mesa area 
(essentially the area of each individual backplane or other 
electronic array) instead of the area of the entire sub- 
strate, and enables economical mass production of flexi- 
ble microelectronics for displays and other applications. 

[0118] stitchable displays 

[0119] As already indicated, a further aspect of the present in- 
vention relates to methods for the integration of flexible 
electro-optic displays into fabrics, other woven materials. 



and other flexible materials (for example, leather and 
polymeric films used in clothing) having similar character- 
istics. The most practicable way of attaching such flexible 
electro-optic displays into fabrics and similar materials is 
by stitching; however, flexible electro-optic displays can- 
not readily be stitched. Piercing polymeric or metal layers 
may result in harmful kinks in such layers or may intro- 
duce cracks into brittle thin film circuits forming part of 
the displays. 

[0120] It has now been realized that the use of metal foils pro- 
vided with apertures provides a solution to the problem of 
attaching flexible electro-optic displays into fabrics and 
similar materials. 

[0121] Accordingly, the present invention provides an electro-op- 
tic display having a metal substrate, the display having a 
central portion comprising an electro-optic material and 
means for writing an image on the electro-optic material, 
and a peripheral portion extending around at least part of 
the periphery of the central portion, the peripheral portion 
having a plurality of apertures extending through the 
metal substrate, by means of which apertures the electro- 
optic display may be stitched to a flexible medium. Very 
desirably, the peripheral portion of such a display is free 



from the electro-optic material. In a preferred form of the 
invention, the peripheral portion extends completely 
around the central portion so that the entire periphery of 
the electro-optic display can be stitched into the fabric or 
other flexible material. 
[0122] A preferred stitchable display of the invention is illus- 
trated in Figures 9 and 10, which are respectively a top 
plan view and a section thorough the stitchable electro-op- 
tic display. 

[0123] Figure 9 shows an electro-optic display (generally desig- 
nated 900) having a central portion 902 comprising an 
electro-optic material on which an image is displayed. The 
central portion 902 is completely surrounded by a periph- 
eral portion 904, which is free from the electro-optic ma- 
terial but which is provided with a plurality of apertures 
906 by means of which the electro-optic display can be 
stitched to a fabric or other flexible material. 

[0124] jhe construction of the display 900 is shown in more de- 
tail in Figure 10; for ease of illustration, the thickness of 
the display is greatly exaggerated in Figure 10 and Fig- 
ures 9 and 10 are not strictly to the same scale in order to 
show certain details of construction in Figure 10. From 
this Figure it well be seen that the display 900 comprises 



a metal foil substrate 908 through the peripheral portion 
of which pass the apertures 906. The upper surface (in 
Figure 10) of the substrate 908 is covered with a layer of 
polymeric material 910, on the upper surface of which is 
formed a TFT array 912 which forms the backplane of the 
display 900. A layer of electro-optic material 914 is dis- 
posed on the TFT array 912, and a front protective layer 
916 bearing on its lower surface a single continuous elec- 
trode (not shown) is disposed on the electro-optic mate- 
rial 914. The upper surface of the protective layer 916 
forms the viewing surface of the display. An edge seal 918 
extends around the periphery of the electro-optic material 
914 and prevents the ingress of moisture to the electro-op- 
tic material 914; several types of electro-optic media are 
sensitive to humidity. Bonded integrated circuits 920 are 
shown disposed on the electro-optic material 914 outside 
the edge seal 918. These circuits 920, which are omitted 
from Figure 9, may be, for example, circuits used to con- 
vey data to the TFT array 912. 
[0125] As already mentioned, the electro-optic material 914 does 
not cover the peripheral portion 904 of the display 900, 
i.e., the edge seal 918 lies wholly within the rectangle de- 
fined by the apertures 906. The polymeric material 910 



does, however, extend over the entire upper surface of 
the metal foil 908. In Figure 10, the apertures 906 are 
shown as extending through both metal foil 908 and the 
polymeric material 910. However, this is not essential; the 
apertures need only extend through the metal foil 908, 
since the polymeric material 910 can be pierced during 
stitching of the display 900 without risk of damage to the 
central portion 902 of the display. The apertures 906 may 
be formed by, for example, laser ablation, stamping or 
photo-etching. Alternatively, the electro-optic display 
may use a patterned metal foil backplane of the present 
invention, in which case simply leaving an additional pe- 
ripheral area of the metal foil extending beyond the edges 
of the electro-optic material will provide the apertures 
needed for stitching. 

[0126] The stitchable displays of the present invention are useful 
not only for electro-optic displays intended for application 
to clothing, but may also be useful in the construction of 
large area flexible displays formed from multiple "tiles" 
(smaller displays). 

[0127] From the foregoing it will be seen that the stitchable dis- 
plays of the present invention allows ready and simple at- 
tachment of flexible displays using metal foils to fabrics 



and similar flexible materials without the use of adhe- 
sives, which are undesirable for many applications of flex- 
ible displays. 
[0 1 28] ID-Curved processes 

[0129] As already mentioned, this invention provides a (first) 
process for forming an electro-optic display on a sub- 
strate curved in one dimension. This process begins with 
a backplane containing at least one pixel electrode, this 
backplane being curved in one dimension. The backplane 
may be pre-formed in this curved configuration, formed 
flat and flexed into the curved configuration, or bonded, 
preferably permanently, to a surface curved in one dimen- 
sion. There is then applied to the curved backplane a lam- 
inate comprising a layer of electro-optic medium and a 
light-transmissive electrically-conductive layer, the lami- 
nate being applied so that the electro-optic medium ends 
up between the backplane and the electrically-conductive 
layer. The laminate may, and typically does, also comprise 
a layer of lamination adhesive overlying the layer of elec- 
tro-optic medium, and the process is carried out so that 
this layer of lamination adhesive is in immediate contact 
with the backplane. The laminate is then bonded to the 
backplane under heat and/or pressure, for example using 



a bladder press or a heated roll laminator, so that the 
electro-optic medium bonds to the backplane with mini- 
mal stress on the electro-optic medium; any internal 
stress in the electro-optic medium may be relaxed during 
the bonding process as the material is allowed to flow. 
Consequently after the process has been completed, sub- 
sequent material creep in the finished display is mini- 
mized. Finally, the edges of the laminate and the back- 
plane can be cut and/or sealed using an appropriate 
sealant. 

[0130] The laminate used in this process may be prepared by re- 
moving the release sheet from a "front plane laminate" as 
described in copending Application Serial No. 
10/249,957, filed May 22, 2003. Alternatively, in accor- 
dance with the second ID-curved process of the present 
invention, this process may be modified to use a "double 
release film" as described in copending Application Serial 
No. 10/605,024, filed September 2, 2003. Such a double 
release film comprises a layer of a solid electro-optic 
medium ("solid" in the sense of having solid external sur- 
faces, although it may contain liquid or gas-filled internal 
cavities) with adhesive layers on both sides; either or both 
of these adhesive layers may be covered by release sheet. 



To use such a double release film in the process, one ad- 
hesive layer is exposed and the double release sheet is 
laminated to the backplane in the manner already de- 
scribed. The second adhesive layer is then exposed, and 
an electrically-conductive layer (typically covered by a 
protective and/or filter layer) is laminated over the layer of 
electro-optic medium in a second lamination step. 

[0131] Figures 11 to 13 of the accompanying drawings illustrate 
a preferred variant of the first ID-curved process of the 
present invention. As already described, this process be- 
gins with a backplane 1000 (Figure 11) which is curved in 
one dimension; the backplane 1000 illustrated has sub- 
stantially the form of a hollow hemicylinder, but obviously 
other forms curved in one dimension could be used, for 
example a small arc of a large diameter cylinder, parts of 
an elliptical cylinder etc. The backplane 1000 may be pre- 
formed, formed flat and then flexed, or permanently 
bonded to a surface curved in one dimension. Also, the 
backplane may be of the direct drive type with a plurality 
of pixel electrodes and circuitry for varying the voltage 
applied to each pixel electrode independently, or may be 
of the active matrix type. 

[0132] In the first step of the process, as shown in Figure 12, a 



laminate comprising an adiiesive layer 1002 (this layer 
may be omitted in the electro-optic medium used is of a 
type which can adhere to the backplane 1000 without use 
of an "external" adhesive layer), an electro-optic layer 
1004 (illustrated as an encapsulated electrophoretic layer 
comprising a plurality of capsules in a binder, but other 
types of electro-optic medium may of course be used) and 
a light-transmissive electrically-conductive layer 1006, is 
laminated under pressure (as indicated by the arrows in 
Figure 12) and at an elevated temperature, to the surface 
of the backplane 1000. Typically, the light-transmissive 
electrically-conductive layer 1006 will be much thinner 
relative to the other layers than illustrated in Figure 12, 
but will be provided upon a transparent substrate (not 
shown). For example, the electrically-conductive layer 
1006 could have the form of a layer of indium tin oxide 
(ITO) or a conductive polymer formed on a polymeric film; 
ITO-coated polymeric films are available commercially and 
may be used as the electrically-conductive layer 1006 and 
the transparent substrate. The transparent substrate pro- 
vides mechanical support and protection for the relatively 
thin and fragile electrically-conductive layer 1006. 
[0133] The lamination process shown in Figure 12 is conveniently 



effected using a bladder press or a heated roll laminator. 
By performing the lamination with the backplane in the 
curved configuration, the electro-optic medium is bonded 
to the backplane with minimal strain. Typically, the lami- 
nation of the electro-optic medium to the backplane is ef- 
fected at a curing temperature for the lamination adhesive 
layer 1002 which is higher than the glass transition tem- 
perature of a binder present in the electro-optic medium, 
so that internal stress within the electro-optic layer is re- 
laxed during the lamination procedure as the electro-op- 
tic medium is allowed to flow. Consequently, creep within 
the electro-optic medium after the lamination shown in 
Figure 12 is minimized, and the problems associated with 
such creep are also minimized. 

[0134] After the lamination step shown in Figure 12, the edges of 
the electro-optic medium layer and the backplane may be 
cut and sealed using an appropriate encapsulant, shown 
as 1008 in Figure 13. 

[0 1 35] ZD-Curved process 

[0136] Finally, as already indicated, this invention provides a pro- 
cess for forming an electro-optic display on a curved sur- 
face; this surface may be curved in one or both dimen- 
sions. The process begins with a curved backplane. A 



coatable electro-optic medium, such as an encapsulated 
electrophoretic medium, is sprayed or printed on to the 
surface of the backplane, and if necessary dried, cured or 
otherwise treated to form a coherent layer. A transparent 
electrically-conductive layer is sprayed or printed on to 
the surface of the electro-optic medium, and if necessary 
dried, cured or otherwise treated to form a coherent layer. 
A transparent encapsulant is sprayed or printed on to the 
surface of the electrically-conductive layer, and if neces- 
sary dried, cured or otherwise treated to form a coherent 
layer. Optionally, in a final step of the process, an edge 
sealant is applied by spraying or printing around the edge 
of the display to protect the electro-optic medium and 
possibly other components of the display from the envi- 
ronment, for example to prevent exchange of water and/ 
or oxygen between the display and the surrounding envi- 
ronment. 

[0137] Although this process can be applied to a surface which is 
curved in one or two dimensions, the process is primarily 
intended for use on surfaces curved in two dimensions. 
The basic structure of the display formed by this process 
is illustrated in Figure 14; the display consists of: 

[0138] (a) a backplane 1200, which may be of an active matrix 



transistor, passive or direct drive type, and will typically 
be formed on a polymeric film, metal foil or a combination 
thereof (see the aforementioned 2002/0019081 for back- 
planes formed on stainless steel foils covered with a 
polyphenylene polyimide); 

[0139] (b) an electro-optic medium layer 1202, typically an en- 
capsulated electro-optic medium layer, which can be of an 
electrophoretic, liquid crystal, or emissive type; 

[0140] (c) a light transmissive (preferably transparent) electri- 
cally-conductive layer 1204, which may be formed from 
organic or inorganic materials; and 

[0141] (d) a light transmissive (preferably transparent) encapsu- 
lant or protective layer 1206, which may be formed from 
organic or inorganic materials. 

[0142] The backplane 1200 may be a pre-formed backplane, or 
an originally flat backplane flexed into the configuration 
shown. The backplane may also be bonded to a curved 
surface. The backplane can be printed on to a pre-formed 
flexible substrate, for example a substrate formed by 
casting material in a die. 

[0143] To form the preferred display shown in Figure 14, an en- 
capsulated electro-optic material is sprayed or printed on 
to the surface of the backplane 1200; in most cases, the 



resultant electro-optic medium layer 1202 will need to be 
dried or cured to from a coherent layer. The encapsulated 
electro-optic material may be sprayed or printed in wet or 
dry form, for example in the form of a slurry or an 
aerosol. Single or multiple layers of electro-optic material 
may be applied to the backplane 1200 before the final 
layer is dried or cured. Additional low stress under-fill 
resins or other polymeric binders can be applied before or 
after drying or curing to fill voids in the coating or to lo- 
cally planarize the coating surface. 
[0144] After formation of the electro-optic medium layer 1202 is 
complete, the light-transmissive electrically-conductive 
layer 1204 is superposed thereon by spraying or printing 
an appropriate material, which may be sprayed or printed 
in wet or dry form, for example in the form of a slurry or 
an aerosol; in some cases, drying or curing of the material 
may be required to form a coherent layer. Similarly, after 
formation of the electrically-conductive layer 1204 is 
complete, the light-transmissive encapsulant layer 1206 
is superposed thereon by spraying or printing an appro- 
priate material, which may be sprayed or printed in wet or 
dry form, for example in the form of a slurry or an 
aerosol; in some cases, drying or curing of the material 



may be required to form a coherent layer. Finally, a low- 
stress edge seal encapsulant (not shown) may be sprayed 
or printed on to the edges of the display to protect the 
display material from moisture or gas intake or to envi- 
ronmentally stabilize the display. 
[0145] The preferred 2D-curved process of the present invention 
described above has the advantages that by coating each 
layer of the display directly on to a pre-formed curved 
backplane, material stress, creep, and therefore display 
non-uniformity, are minimized during subsequent opera- 
tion and storage. The method is also suitable for use on 
flat substrates to enable manufacture of ultra-thin elec- 
tro-optic displays. All the steps of the process can be im- 
plemented in a continuous fashion for manufacture, and 
the method provides a low-cost assembly process for 
conformal displays due to large material savings and the 
use of simple web-based or sheet-based manufacturing 
apparatus, such as spray coaters and infra-red lamps for 
curing. 

[0146] Those skilled in the display art will appreciate that numer- 
ous changes, improvements and modifications can be 
made in the preferred embodiments of the invention al- 
ready described without departing from the scope of the 



invention. For example, altliougli tlie invention lias been 
primarily described with reference to the use of encapsu- 
lated electrophoretic media, any of the other types of 
electro-optic media previously described may alternatively 
be used. Accordingly, the whole of the foregoing descrip- 
tion is intended to be construed in an illustrative and not 
in a limitative sense. 



